































2orrection of Complete Atrioventricular
eptal Defects With Two Patch Technique
abine H. Daebritz, MD
Repair of complete atrio-ventricular septal defect (AVSD) remains a challenging procedure
due to the complex three-dimensional malformation of the septa and the AV-valves and
variable anatomy. Different techniques for correction have been applied with comparable
results. In this article, the pathological anatomy of complete AVSD and surgical repair with
the two-patch technique are described in detail. Special regard is given to correction
avoiding damage to the conduction system and to complete closure of the mitral valve cleft.
Finally, our own results are reported.
Oper Tech Thorac Cardiovasc Surg 9:208-220 © 2004 Elsevier Inc. All rights reserved.





























btrio-ventricular septal defects (AVSD) comprise a spec-
trum of malformations which were recently classified by
he Congenital Heart Surgeons society.1 Characteristic patho-
ogical findings in this entity of malformations of the endo-
ardial cushion tissue are an ostium primum ASD, a cleft in
he anterior leaflet of the mitral valve, and in complete AVSD,
n inlet VSD with a common atrioventricular valve (Fig. 1).2
he two septal defects are only separated by the common
V-valve, which varies with regard to the anatomy of the
uperior bridging leaflets as classified by Rastelli into types A,
, and C.3,4 AVSD malformations are common cardiac de-
ects; a complete AVSD is the typical cardiac malformation in
atients with trisomy 21 and up to two thirds of patients with
his malformation have trisomy 21.5,6,7
Surgical repair is currently performed in one step without
alliation by pulmonary artery banding.8,9 The timing of elec-
ive repair is considered optimal at about 3 to 4 months of
ge;10,11,12 delay over 6months of age carries an increased risk
f development of pulmonary hypertensive vascular disease,
hich particularly trisomy 21 children are prone to.13,14 In
ddition, mitral regurgitation, associated with arrhythmias,
ay increase over time.15 Pathophysiology and treatment
aries from that of complete AVSD if associatedwith tetralogy
f Fallot.16 Diagnosis and preoperative assessment of the
natomy are performed by echocardiography;17 cardiac cath-
terization is not necessary in most cases. Severely imbal-
nced valvar or ventricular structures may obviate a two ven-
ricle repair18,19 or justify palliative procedures.20
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doi:10.1053/j.optechstcvs.2004.07.002Surgical repair was first described in the 1950s.21 Currently,
hree different techniques are applied: first, the classical single
atch technique, introduced in the 1960s.4,22 In most cases,
oth bridging AV valve leaflets are not separated, so that the
epair with one patch includes splitting of the leaflets and re-
ttaching them onto the patch. Second, the two-patch tech-
ique, first described in 1975,23 using a Dacron patch for VSD
losure and a pericardial patch for closure of the ASD sandwich-
ng the AV valve between the patches (Fig. 2). This technique
an be performed without splitting the AV-valve leaflet tissue.
hird, themodified single patch technique or “Australian” tech-
ique introduced in the 1990s24,25,26 in which the VSD is closed
ithout a patch directly by attaching the AV-valves and the
rimum ASD patch onto the crest of the VSD.
Independent of the technique, routine closure of the cleft
f the newly created anterior mitral valve leaflet is recom-
ended,27 because the cleft is clearly not a commissure.28,29
owever, some groups have demonstrated excellent results
ith ‘tri-foliate’ mitral valves leaving the cleft open.11 Most
urgeons leave the coronary sinus on the right side; if it is
rained to the left side by suturing the patch around the
oronary sinus, unroofing reduces the risk of obstruction.10
The results of the three different surgical techniques have
ot been significantly different concerning survival or mitral
alve performance early or in follow-up.10,12,23,30,31,32 The ra-
ionale to use one or the other technique has generally been a
urgeon’s preference based on experience. However, the shift
f surgical repair of AVSD to younger age, even including
ymptomatic neonates.10,33,34 has raised concerns with regard
o the splitting and reattachment of the delicate and fragile
alve tissue of newborns and small infants in the single patch
echnique.35 Good results with early repair of AVSD have
een reported with the two-patch technique.7,30,36,37 The

































































Correction of complete atrioventricular septal defects 209ion of the leaflet tissue, is an additional option. Long-term
esults have to compete with the established techniques par-
icularly with regard to the development of subaortic steno-
is; but so far, results have been good.24,25,26
Additional anatomical findings such as subaortic stenosis,
left superior caval vein, additional muscular VSDs, a single
apillary muscle or a double orifice mitral valve have to be
ddressed individually. Subaortic stenosis is rare in complete
VSD38 and might be caused by additional AV-valve tissue.39
esection has to be performed carefully as it might result in
alve incompetence. Muscular VSDs are addressed surgically
f they can be localized. However, small muscular defects,
articularly those below the moderator band, are difficult to
nd and frequently close spontaneously. A single papillary
uscle or two close papillary muscles are often associated
ith unbalanced ventricles, the left ventricle being small.
omplete closure of the cleft might not be possible in these
ases and extreme unbalance may not even allow two ventri-
le repair. In double orifice mitral valve, the second orifice,
ot associated with the AVSD, is usually not addressed sur-
ically. The two orifices should never be connected as the
igure 1 Schematic image of complete AVSD: The endocardial cushion
efect consists of a primumASD and an inlet VSD,which are separated
y the common AV-valve. The superior leaflet of the valve may be
ridging or may be divided. The chordal attachments of the mitral and
ricuspid valve components are on the respective side (ie, left common
V-valve components attach to the left ventricle and right components
ttach to the right ventricle; Rastelli type A), cross to the other ventricle
Rastelli type B, rare), or there is a bridging superior leaflet without
hordal attachments (Rastelli type C). An additional secundumASD or
foramen ovale are frequently present. LA  left atrium, LV  left
entricle, RA right atrium, RV right ventricle.ivided leaflet tissue would remain unsupported leading to aevere mitral regurgitation. Single papillary muscle and dou-
le orifice mitral valve have been identified as risk factors for
perative survival.30,31,35,40,41
urgical Technique
tandard approach is a full sternotomy. However, recently
epair of complete AVSD with the two-patch technique has
een successfully performed via ministernotomy in selected
ases.42,43 After standard exposure of the heart, a pericardial
atch is removed and fixed with glutaraldehyde. The liga-
entum or ductus Botalli should be ligated routinely, as
reoperative diagnosis of patency can be missed in the pres-
nce of systemic right ventricular pressure. Cardiopulmo-
ary bypass (CPB) is commenced with mild hypothermia of
8 to 30°C (Fig. 3). Either crystalloid or blood cardioplegia is
dministered for cardiac arrest and removed with a sucker
fter opening of the right atrium. The anatomy is inspected
arefully (Fig. 4) and the AV-valve is tested with cold saline
olution for leaflet anatomy and incompetence. In case of
ridging leaflets, the transition of the right and left part of the
uperior and inferior leaflet may be marked with a 7-0 stitch.
t is important not to take too much tissue to the right by
oincidence. In many cases, the transition is visible by a
hickening of the bridging leaflets in that area. A left vent is
nserted into the ventricle, either via the primum atrial defect
r via an additional secundum ASD. The vent is placed into
he pulmonary veins while working on the mitral component
f the AV-valve.
A Dacron patch is tailored U-shaped according to the size
igure 2 Concept of the two-patch repair of complete AVSD: The
ridging leaflets are virtually “divided” into the left and right com-
onents by being “sandwiched” between the primum ASD patch
nd the VSD patch; the cleft is closed to create a single anterior
itral leaflet. LA  left atrium, LV  left ventricle, RA  right




































































210 S.H. Daebritzf the VSD (Fig. 5). Suturing starts in the middle of the VSD
nd the deepest point of the U-formed patch. The patch is
xed in a running suture technique up to the annular level
Fig. 6). Interrupted suturesmay also be used. At the superior
nd inferior junction of the interventricular septum and the
V-valve annulus, the respective last stitch is passed through
he annulus to the atrial level of the defect and later used for
losure of the ASD. The autologous pericardial patch is now
ailored U-shaped or, in case of an additional secundumASD,
ccording to the size of the defect. One side of the patch is cut
traight to match the VSD patch at the AV-valve level (Fig. 7).
oth patches are now connected with single mattress sutures
atching the AV valve leaflet in the middle (Fig. 8). In case of
divided leaflet, both parts—the tricuspid and mitral leaflet
issue—have to be attached separately. The last suture passes
he annulus where the respective VSD running suture was
rought to the atrial level before. The mitral valve is tested
ith saline solution after removal of the vent. The cleft is
losed with single sutures (Fig. 9); complete closure of the
left is associated with reduced mitral incompetence in fol-
ow-up.31,32 Incomplete cleft closure can be justified in the
resence of a small mitral valve with additional malforma-
ions such as a single papillarymuscle or in the presence of an
blique cleft acting as a commissure. However, often mitral
ncompetence after incomplete cleft closure results in reop-
ration and completion of the cleft without mitral valve ste-
osis.44,45 Thus, we prefer aggressive closure and control of
he repair by intraoperative transesophageal echocardiogra-
hy (TEE) in all patients. Careful assessment of any gradient
s necessary before reopening parts of a cleft. Particularly
iastolic flow patterns have to be taken into account to assess
he importance of an echcardiographically measured gradi-
nt. After cleft closure, the vent is reinserted and the atrial
eptal defect is close with the pericardial patch (Fig. 10). In ihe inferior region, careful placement of the stitches on the
eft side of the ASD is necessary to avoid any damage to the
onduction system. If all ASDs are closed with the patch, the
ent has to be removed. If a secundumASD is closed directly,
his should be done before closure of the atrium to vent the
V as long as possible. The tricuspid valve is now tested with
aline solution. The “cleft” of the tricuspid valve can be fixed
ith one or two sutures, but sometimes there is no necessity
o do so.
The atrium is closed after removal of the vent with a run-
ing monofilament 6/0 suture, inflow occlusion is released
nd the ascending aorta is de-aired carefully in anti-Tren-
elenburg position by removing the cardioplegia cannula.
he cross-clamp is opened and re-warming is begun. Pacing
ires, 15F retrocardial and retrosternal Blake drains (Ethi-
on, Somerville, NJ, USA) and 20F chest drains (if pleura is
pen) are placed. TEE is standard in AVSD repair and is
erformed when weaning from CPB.46,47,48 Completeness of
efect closure, AV-valve performance and left ventricular
utflow tract have to be assessed. In case of any pathological
ndings, repair should be taken into consideration and per-
ormed right away. We do not routinely insert any lines into
VSD patients as we use central venous lines. If pulmonary
ascular resistance is a concern, an RV pressure line is placed
nto the RV from the anterior wall and secured by a mattress
uture reinforced with autologous pericardial pledgets. Con-
inuous measurement of RV pressure has to be performed in
ll patients with inhalation of nitric oxide. If echocardiogra-
hy is not available at all times postoperatively, insertion of a
eft atrial pressure line is recommended to prevent postoper-
tive volume overload, annular distention and consequent
itral regurgitation. We always close the pericardium,
ostly using artificial patch material and close the sternum
ith 2/0 Vicryl sutures. Fascia, subcutis and skin are closed
n layers.
Correction of complete atrioventricular septal defects 211Figure 3 Setting of cardiopulmonary bypass (CPB): The SVC venous cannula is inserted into the innominate vein.
Alternatively, the SVC can be cannulated directly. The use of a right angled metal (12F-22F; Medtronic, Minneapolis,
MN) or plastic (10F, Stoeckert, Munich, Germany) tip cannula is advantageous. The IVC is cannulated either with a
right angled cannula or a polyurethane cannula (12F-16F), which we prefer particularly for minimally invasive access.
Polyurethane cannulae are not kinking; they are thin, very soft and provide good access even in small incisions and
prevent from pulling on the tissue when assessing mitral valve incompetence. CPB is commenced with hypothermia of
28 to 30°C. The caval veins are snared and the aorta is cross clamped. Either crystalloid or blood cardioplegia is
administered into the aortic root. The right atrium is opened obliquely and crystalloid cardioplegia is removed with a
sucker. RA  right atrium, LV  left ventricle, RV  right ventricle, SVC  superior vena cava, IVC  inferior vena
cava.
212 S.H. DaebritzFigure 4 View after right atriotomy onto the common AV valve with the bridging superior and inferior leaflets: The
common AV valve is opened revealing the crest of the VSD. The anatomy is carefully inspected according to preoper-
ative echocardiographic evaluation with assessment of size of ventricles, size of defects in the atrial and ventricular
walls, AV valve components, attachment of chordae and number of papillarymuscles. In this case the bridging right and
left AV valve leaflet components have attachments to the respective side of the VSD crest (Rastelli type A). The
conduction system is located next to the coronary sinus, where it passes to the crest of the ventricular septal defect.
Correction of complete atrioventricular septal defects 213Figure 5 Starting of closure of the VSD: A Dacron patch is tailored according to the size of the VSD. It is of major
importance to make the patch rather too small than too big in both dimensions to prevent from stretching the chordae
or the annulus. Both would result in mitral incompetence. The patch is u-shaped or slightly crescent shaped (smaller
dimensions inferiorly), the straight cut being the level of the AV valve. The suture starts in the middle of the VSD and
the deepest point of the U-formed patch with a running 5/0 or 6/0 polypropylene suture with a small needle (ie, HR 10).
The first stitch is performed as a mattress reinforced with a small felt pledget in the middle of the VSD crest.
214 S.H. DaebritzFigure 6 Closure of the VSD to the AV-valve level: The patch is fixed in a running suture technique first to the annular level
under the inferior bridging leaflet. It is important not to catch any chordae with consequent valve incompetence. Therefore,
it is useful to lift the chordae and the leafletswith forceps or anervehook to reach the edgeof theVSD,particularly if the leaflet
is not divided. This is sometimes difficult particularly when approaching the junction of the interventricular septum and the
AV valve. However, there is usually no necessity to divide any leaflet tissue. Particular caremust be taken to insert the sutures
to the right side of the crest of the VSD to avoid any damage to the conduction system to prevent from AV-block. This
becomes more difficult when approaching the annulus where the suture is finally brought from the last muscular stitch
through the annulus to the atrial level. This is done without catching any muscle cells underneath the annulus (ie, the crest
of the defect). The same is now done to fix the patch under the superior bridging leaflet. There is no danger of damaging the
conduction tissue here. However, the aortic valve annulus is just underneath the upper edge of the VSD and the suture line.
As described above, the suture is finally passed through the annulus to the atrial level of the defect. Both sutures are kept at
the annular level to later fix the atrial patch after finishing the valve reconstruction. At this point, the Dacron patch is closing
the VSD part of the AVSD. The straight cut should lie smoothly under the AV-valve tissue without stretching it and thus
resembling the missing part of the annulus.
Correction of complete atrioventricular septal defects 215Figure 7 Tailoring of the atrial patch. The Dacron patch is in situ lying underneath the AV valves and virtually separating
them for the left and right side. The pericardial patch has been fixed in glutaraldehyde and is tailored according to the
size of the ASD. This patch is also U-shaped with a straight cut to fit the free edge of the Dacron patch at the AV valve
level. The straight cuts of the two patches should match in size and be slightly smaller than the diameter of the superior
and inferior bridging leaflets to provide a coaptation area for cleft closure of the mitral valve. The leaflet tissue will be
“divided” by the two patches into the left and right components by sandwiching the leaflets between them. The
pericardial patch may also be used to close an additional secundum ASD, which can be connected by cutting the atrial
septal tissue between the two ASDs; the patch shape varies from the U-shape accordingly. A secundum ASD can as well
be closed directly depending on its size.
216 S.H. DaebritzFigure 8 Attachment of the AV-valve leaflets to the two patches: The pericardial patch is now sutured to the AV-valve
tissue and the Dacron patch with a single 6/0 polypropylene mattress stitches “sandwiching” the superior and inferior
bridging leaflets between the two patches. The sutures pass the Dacron patch, the leaflet tissue and the pericardial
patch. We use 6/0 Cardionyl (Peters, Bobigny, France), but any nonresorbable monofilament suture can be taken. We
recommend to start with the mattress suture in the middle, where the anterior and posterior bridging leaflets meet. The
suture is passed through both leaflets acting also as the first cleft suture. If the bridging superior leaflet is divided the
sutures have to be placed through both parts of the leaflet. Inferiorly and superiorly, the last suture passes the annulus
at the same point as the respective VSD running sutures did before or very close to it. The mattress stitches are placed
overlapping each other (see insertion) to prevent from any residual defects which would lead to left ventricular-right
atrial shunts. A running suture technique has also been used. Reinforcement of the suture line is an option, which we
do not consider necessary and which has the disadvantage of placing a lot of suture material and knots into this area.
Correction of complete atrioventricular septal defects 217Figure 9 Closure of the cleft: The mitral valve is tested with saline solution after removal of the vent. The cleft is closed
with single sutures. Again, we prefer 6/0 Cardionyl, but polypropylene can also be used. We do not routinely perform
mattress or reinforcement sutures as single stitches bring the cleft together smoothly. Tension of the cleft is most likely
due to distention of the annulus by a too wide VSD patch; this has to be corrected and cannot be treated by stronger cleft
sutures. It is important not to evert the cleft but to create a broad area of what can be called “coaptation.” Complete
closure of the cleft is important for mitral incompetence. Again, the competence of the valve is tested with saline
solution. In difficult repairs, a Nelaton catheter can be inserted through a small aortotomy to make assessment of



































e started our program in 1999, and changed from single
atch technique to two patch technique, because the patients
ended to be younger at the time of repair. In addition, we
refer the two-patch technique for complex AVSD repair
ith three dimensional inlet and outlet VSD-patches. So far,
e have managed 25 patients with complete AVSD repair
ith this technique, including patients with heterotaxy with
dditional malformations (3 patients) and with TOF (3 pa-
ients). Sixty-four percent had trisomy 21. The Australian
echnique has been recently applied by us in patients with
maller VSDs, but is not suitable for repair of AVSDwith TOF
r double outlet right ventricle. Mean age of the patients was
.3 6.6months (median 4; 2.1-28.6), meanweight was 6.0
2.4 kg; (median 5.1, 3.5-14.5); 6 patients were under 4
onths of age. Rastelli types were A (80%) and C (20%).
Figure 10 Completion of ASD closure. The primum ASD
the atrial side at the valvar level superiorly and inferiorly
of the ASD. The coronary sinus is left on the right side. T
into the mitral valve annulus followed by one or two sti
is not useful to place more stitches into the mitral annul
regurgitation. Doing these first sutures carefully, there is
from AV block. After leaving the area of the triangle of K
superior part of the ASD, the stitches can be placed str
system in this area. Finally the cleft of the tricuspid valve
with saline solution. In cases of severe regurgitation, any
of the tricuspid valve.reoperatively AV valve regurgitation was  grade 2 in 5 tatients (20%). Nine patients had additional abnormalities of
he mitral valve: single papillary muscle (5 patients), double
rifice mitral valve (2 patients), and others (2 patients). CPB
nd aortic cross clamp times were:160 52 in and 97 28
inute respectively. The coronary sinus was always left on
he right side. In 6 patients the cleft was not completely
losed due to a small remaining orifice. Final intraoperative
EE showed mitral regurgitation 2 in no patient. Ventila-
ion time was 3.5  3.2 days (mean 2, 1-13), intensive care
tay was 8.1 4.3 days (mean 7; 3-18). There was no oper-
tive mortality. Major complications were failure to wean
rom CPB in a patient with heterotaxy, requiring ECMO sup-
ort for 4 days; one patient had redo mitral valve reconstruc-
ion on the 15th postoperative day due to dehiscence of the
left sutures. There was no postoperative AV block requiring
acemaker implantation.
After a follow-up of 1.79  1.62 years (0.1-4.17 years)
ed with the VSD-patch sutures which were brought to
re forwarded through the pericardial patch and the rim
AV block the first stitch in the inferior corner is placed
laced into the left side of the atrial septal defect rim. It
his would potentially pull the annulus and cause mitral
ed to place the coronary sinus to the left side to prevent
he suture line is placed into the rim of the ASD. In the
rough the rim of the defect as there is no conduction
ed with one or two single sutures and the valve is tested



























































Correction of complete atrioventricular septal defects 219nd pulmonary hypertensive vascular disease are clinically
ood or excellent; 44% receive cardiac medication. Mitral
egurgitation 2 is present in 3 patients (12%) and is asso-
iated with incomplete cleft closure.
Although we only report a small series, these results are
onsistent with the literature for complete AVSD repair with
wo-patch and single patch technique. Operative mortality
or primary repair has declined in the last decade under 5%
or patients without additional malformations (TOF, hetero-
axy); actuarial survival rates after 10 years are 81 to 91%.
eoperation rates for mitral regurgitation range between 2
nd 10% being better for patients with Downs syn-
rome.12,31,37,40,41,49-54 Results have been excellent in small
nfants corrected with the two patch technique.11,30,36
In summary, two patch repair of complete AVSD can safely
e performed with excellent results at any age.
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